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Summary

In the Netherlands no standards or design criteria are formulated by the government or the legislator
for the realization of buildings adjacent to the infrastructure with transport of hazardous materials or
chemical installations. In regard to external safety there is even also no judicial base for example
the functional design of land-use planning for such locations. This paper presents a framework of
design parameters for realizing projects in the neighbour of hazardous locations. The framework is
set-up from an urban planning point of view, in which the effect related safety measures and design
parameters for urban planning are extensively analysed on the macro (city), meso (urban plan) and
micro (building) scale level, following from scenarios which may take place with hazardous
materials. The main advantage of such a framework is that different disciplines and design
parameters can be integrated at an early possible design stage in urban development.
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1. Introduction

A shortage of land across the Netherlands has led to the development of design and construction
techniques that enables intensive use of the limited space. In the last decade, the space available
adjacent to the transport infrastructure and chemical installations has been used at a growing rate in
city centres. In addition, as a part of the economic foundation, the number of hazardous activities is
growing as well. In most cases hazardous activities take place near densely populated urban areas.
One may expect that realizing buildings adjacent to hazardous materials will both increase in the
future. The interface between urban planning and hazardous activities is called external safety. The
survey of Poort [ 1] showed that the probability of occurrence of a hazardous event will increase
rapidly if the use of rail infrastructure is intensified. Hence, external safety is one of the critical
issues in intensive-use-of-space projects, especially in the exploitation stage, against which
measures can be taken during the planning and design stage of such a project.

In the Netherlands, regulations for land-use planning in the vicinity of major industrial hazards or
transport routes of hazardous materials are explicitly risk-based, in which the societal risk must be
motivated by local authorities. Economic aspects as well as repressive measures are widely
considered in such a motivation. The problem is however no standards or design criteria are
formulated by the government or the legislator for the realization of safety measures for buildings
adjacent to the infrastructure with transport of hazardous materials or chemical installations. These
standards or design criteria are significant for the motivation of the societal risk. This is exactly one
of the major issues through which the land-use planners practice the motivation of the societal risk
as non-contagious constraint. As a consequence, safety measures in such projects are taken on ad
hoc basis. Whereas a proper structure for taking safety measures to an urban plan or a building
realised in the vicinity of hazardous locations are strongly required by the land-use planners.



In a quest for more physical safety for areas in the vicinity of transport routes of hazardous
materials, the Dutch Ministry of Transport, Public Works and Water Management anticipates on this
matter and is developing a so-called Basic Network for urban planning near transport routes of
hazardous materials (water, rail and roads). The Basic Network categorizes the total amount of
transport of hazardous materials by a transport route, measured in tank wagons, for the current and
future transport routes in the Netherlands. In this regard, a first elaboration on the basic network is
given by the Mobility Policy Document (‘Nota Mobiliteit’, [2]). The Mobility Policy Document
states that the government is to create a basic network which consists of three types of routes with
different importance to either spatial development or transport. Also, along the Basic Network a
safety zone (e.g. 30 meters) will be created within which limitations to certain activities will be set.
A distinction is made between three main categories for transport of hazardous materials, with a
different value of importance to either transport of hazardous materials or spatial development.

1. Primary routes with unlimited transport of hazardous materials. Urban development has large
limitations due to safety zoning;

2. Secondary routes where transport of hazardous materials as well as urban development have
their limitations;

3. Tertiary routes on which transport of hazardous materials is limited and next to which urban
development should not be hindered at all.

One of the main problems and challenges of applying the Basic Network is that the concept does
not provide proper solutions to the urban developers. The concept propagates that no spatial
functions are allowed (population density is thus 0) in the safety zoning area [3], whereas the design
according to a project developer is usually to achieve a large population density in the safety zoning
(see figure 1). It is desired to integrate the safety measures in the functional and structural design in
(the buildings in) the vicinity, in order to save costs and to make both activities - transport of
hazardous materials and urban development adjacent to these transport routes - possible [4,5].
Especially safety measures to buildings adjacent to transport routes with hazardous materials can be
integrated in the safety zone, enabling a safety integrated design. However, in the Netherlands there
are no standards or design criteria formulated by the government or the legislator for the realization
of buildings adjacent to the infrastructure with transport of hazardous materials or chemical
installations. In regard to external safety there is even also no judicial base for example the
functional design of land-use planning for such locations. Besides, there is less knowledge in
literature on the safety integrated design topic, except some basic empirical studies, see e.g.
[4,5,6,7,8,9]. One should be aware that urban development is frequently and necessarily shifted
further to risk full locations, simply due to the shortage of space. Besides, from an urban
development point of view, standards and design criteria are strongly desired on different scale
levels of land use, enabling:

e Safety integrated design on a city level (MACRO), also called safety integrated development;
e Safety integrated design within an urban plan (MESO), also called safety integrated planning;
e Safety integrated design on a building level (MICRO), also called safety integrated design.
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Figure 1: Urban Development versus External Safety / Safety zoning [4,5].



This paper presents a framework of design parameters for realizing projects in the neighbour of
hazardous locations. The framework was designed for the Ministry of Spatial Planning and
Environmental Issues [9]. The framework is set-up from an urban planning point of view, in which
the effect related safety measures and design parameters for urban planning are extensively
analyzed on the macro (city), meso (urban plan) and micro (building) scale level. Subsequently,
design parameters are derived from the characteristics of relevant scenarios, which may take place
with hazardous materials. Also design parameters are investigated in relation to the safety chain
enabling to integrate the measures regarding emergency response. Finally, the analysis is combined
with each other, resulting in the framework of safety integrated urban design on different scale
levels of land use. The main advantage of such a framework is that different disciplines and design
parameters can be integrated at an early possible design stage in urban development, e.g. fire safety
engineering, relief, loss prevention, safety chain, risk analysis, cost-effectiveness through which the
concept becomes communicable particularly for urban planners (see figure 2). Moreover, this
concept transforms safety as a design parameter in stead of a test objective, supporting the
motivation of the societal risk.
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Figure 2: Relation between safety integrated design at different scale levels of the area for different
policy fields [9].

2. Design parameters of Safety for Urban Planning

2.1 Urban Planning

Safety integrated design is up until now a relatively new and an unprompted issue for project
developers and municipalities, while these are currently confronted with the continuous changing
demands of the users. It is therefore rather interesting to develop another type of working strategy,
in which a few standards (prescriptions) are worked out, including an integral approach towards
safety on different scale levels. In order to associate design parameters to different scale levels of
urban development: city level (MACRO), district level (MESO) and building level (MIRCO), an
insight to these levels is indispensable. The relation between these levels is presented in figure 3.
The three scale levels inextricably bound up with each other. A building plan is a part of a zoning
plan, which is itself a part of a regional or a city policy. Let’s discuss the safety design parameters
per scale level.

REGION / CITY (MACRO)

DISTRICT (MESO)

BUILDING (MICRO)

Figure 3: The relation between the scale levels of urban development.



2.2 Safety Design parameters on the level of region or city

During the outline process of the spatial policy on a national, provincial, regional or an urban level,
the conceptual framework of the spatial development and thus the division is outlined. Building
areas and different functions (such as infrastructure, business centres, residential areas, offices) to
these areas are configured and assigned in such a policy. Regarding the design parameters on the
level of region or city for safety integrated development, three parameters can be enumerated into
three categories:

1. Separating functions:
¢ No (vulnarable) buildings in the vicinity of transport routes of hazardous materials;
e transport routes of hazardous materials skirting a residential area by rerouting;
e Less urban developments adjacent to transport routes of hazardous materials;
e Separate the transport of passengers and the transport of hazardous materials.
2. Clustering functions:
e Bundle different types of infrastructure, such as a railway track along with a highway;

e Intensify the use of space in residential area on a large distance from transport routes of
hazardous materials, e.g. by using high rise buildings;

e Production and processing of a toxic gas on one single location;

e C(Cluster the risk generating objects with an attractive effect on transport of hazardous
materials on such areas;

e Establishment of risk generating areas adjacent to transport routes of hazardous
materials;

3. Combining functions:

e Realising building in the vicinity of transport routes of hazardous materials, such as
inner city stations and highways;

e Realising buildings above a chemical installations
e Buildings spanning a road.

Measures of these three categories can be laid down in master plans, urban plans or policy
documents. The dilemma is however, that combining functions per definition results in (local)
external safety problems through which a motivation of the urban plan in the vicinity of a hazardous
activity is required. This means that design parameters are required on the level of a district and an
urban plan, since measures on a city level can hardly be changed.

23 Safety Design parameters on the level of a district (urban plan)

The analysis of design parameters on the level of a district or an urban plan particularly requires
elements for a safety integrated planning, i.e. how the different functions within an urban plan can
be functionally arranged. Attention should be paid on the configuration and positions of functions
like residential area, offices, recreation and infrastructure. The enumeration of the design
parameters on the level of a district or an urban plan is as follow:

e The location of buildings;

e Functional division and lay-out of the public space (functions within the zoning plan);
e The level of protection of people;

e Population density (the number of people in the risk effect area);

¢ Building density (the number of buildings in the risk effect area);

e FSI (Floor Space Index);



e GSI (Ground Space Index);

e OSR (Open Space Ratio);

e (ross floor area of buildings in the zoning plan;

e Nett floor area of buildings in the zoning plan;

e The (average) presence (duration) of number of people in the risk effect area;

e The distribution of presence of the number of people inside and outside the buildings;
e The distribution of presence of the number of people during the day and night;

e The height of buildings;

e The distance between the buildings and the infrastructure;

e The extent of self rescue of people inside and outside buildings.

Let’s give a small example: A low population density means that the societal risk will be lower than
in case of a high population density. This means that population density is a strong design parameter
for the urban planner. The urban planner can vary the societal risk. If the urban planner has gone
through these design parameters, he will go more deeply into the next level: design parameters on
the level of a single building plan.

24 Safety Design parameters on the level of a single building plan

Design parameters on the level of a single building plan focus particularly on the single building
within the urban / zoning plan, through which safety integrated design becomes possible. The major
question on this level is of course: how can the building designed against the scenarios taking place
due to transport of hazardous materials. The enumeration of the design parameters on the level of an
individual building is as follow:

e Type of the building;

e Robustness of the structure of the building;

e Fire-resistance of the building;

e Type of the structure of the building;

e Second main bearing structure in order to prevent progressive collapse;
e Shape of the building;

e Material of which the building is made;

e Facade of the building;

e Ventilation system of the building;

e Air volume flow of the building;

e The design of installations of the building;

e Building physical design;

e Emergency stay rooms;

e The presence of hazardous materials inside a building;

e The functional design of the space between the buildings and the infrastructure;

e Emergency plan of the building.

3. Design parameters and the Effect Distances of Hazards

Hazardous materials transported on the infrastructure roughly consist of four major classes:
flammable liquids, flammable gassed, toxic liquids and toxic gasses. During the exploitation stage
the risk for people in the vicinity of the infrastructure largely depends on the hazards taking place
on the infrastructure. Both the effect distance and the physical loads of the scenarios with hazardous



materials are important variables for safety integrated design, rather than the scenarios them self.
The hazard scenarios that may occur on the infrastructure are collisions, fires, explosions, and leaks
of toxic substances (consecutively decreasing in probability of occurrence and increasing in
consequences; see figure 4). These accidents can also be the starting points of others. A fire for
instance can cause an explosion and vice versa. The release of toxic gasses hardly initiates other
events. Figure 4 shows qualitatively the frequencies and consequences for the four hazard scenarios
that may occur on the covered infrastructure. For instance, the probability that an explosion will
occur in the (covered) infrastructure is quite small, but the consequences of that scenario could be
quite large in the number of people killed or injured and in the amount of economic damage. In
contrast, the probability of a traffic accident is relatively high and resulting in few fatalities.

It is important to notice that the effect distance of scenarios can be related to the scale level of the
area. This means that a mechanical accident mostly takes place local scale, through which the effect
distance of such a scenario is relatively small, let say 0 - 30 meters (MICRO). Likewise, such an
explanation can argued for small (pool) fires and release of toxic liquids. In such cases the effect
distance is also round about 0 - 30 meters (MICRO). The transport of LPG (Liquefied Petroleum
Gas) may cause an explosion, resulting in a fireball with an effect diameter of 300 metres. This
effects of this explosion ranges a district scale (MESO). The release of toxic gasses results in a large
number of people killed because the effect distance of this hazard is large (e.g. 0 - 3000 meters).
The range of this scale is rather on the city level (MACRO). This matter is shown in figure 4.

Figure 4 also shows that if safety measures are taken, they should be taken at the right area level!
Measures against mechanical impacts or pool fires can be taken on the level of the building,
whereas measures against heat radiation or toxic loads should be taken on the level of district and
city respectively. Measures taken on a not appropriate level are hardly cost-effectiveness.
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Figure 4: The effect distance of scenarios of hazardous materials related with the area level.



4. Safety Design and Urban Planning

All parameters regarding safety integrated design are related to the level of the area, the effect of the
hazardous materials and the safety chain. Subsequently these parameters can now be combined in
an overall conceptual model presenting the so-called safety integrated (urban) design matrix. This
matrix enables urban developers to understand the external safety and the measures needed to
ensure a thorough motivation of the group risk, as described in chapter 1. The uniqueness of this
concept is that if the measures of the matrix are taken into account, these measures can be
integrated by urban developers in their design of their urban plan, whereas till now these measures
are taken after the urban design is finished. This will lead in the reduction of costs.
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Figure 5: The safety integrated design matrix [9].

5. Design parameters and the Effect Distances of Hazards

The objective of this paper was to present a framework of design parameters for realizing projects
in the neighbour of hazardous locations. The framework is set-up from an urban planning point of
view, in which the effect related safety measures and design parameters for urban planning are
extensively analyzed on the macro (city), meso (urban / district plan) and micro (building) scale
level. In this regard it was obvious to derive the design parameters from the characteristics of
relevant scenarios due to hazardous materials. The safety chain also provided design parameters,
especially for the measures of emergency response. This resulted in the conceptual framework of
safety integrated urban design matrix on different scale levels of land use, making possible that



different disciplines and design parameters can be integrated at an early possible design stage in
urban development, e.g. fire safety engineering, relief, loss prevention and risk analysis, through
which external safety becomes communicable particularly for urban planners. In order to take cost-
effective safety measures, it is important to integrate these measures at an early possible stage as
well, in which the safety measures should be fine tuned during the urban development process:

e Safety integrated development should take place on a city level (MACRO);
e Safety integrated planning should take place within an urban (district) plan (MESO);
e Safety integrated design should take place on a building level (MICRO).

This approach requires a preference order through which safety measures can be taken (i.e. safety
ladder):

1. First of all, safety measures against the transport of toxic gasses should be taken on a national
level. It is less convincingly that cost-effective safety measures can be taken at low scale level,
since the effect distance of such scenarios is high and the probability of occurrence hereof is low.

2. Second, considering the characteristics of the scenarios with transport of hazardous materials, it
should be investigated on a city level whether the transport of hazardous materials should be
separated from new urban development, since these developments are vulnerable.

3. Third, the lay-out of an urban plan on a district level should be well planned, e.g. a low density
should be realised adjacent to transport routes of hazardous materials, in which the measures for
emergency response are integrated into that urban plan.

4. Finally, one should implement safety integrated design on the building level, by means of
technical specifications and requirements for the emergency response, self rescue during
incidents.
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